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Abstract  
Multiwalled carbon nanotubes (MWCNTs) have a great potential in wide applications however faces limitation in 
terms of dispersion feasibility. This work examines the functionalization process of MWCNTs that is treated with 
various reagents (nitric acid, 65%HNO3 and followed by treatment with hydrogen peroxide, 30% H2O2 as reduction 
reagent) and (oil olive) via ultrasonication technique and comparison between their results in an attempt to achieve 
experimental conditions which efficiently functionalize the surface of multiwalled carbon nanotubes (MWNTs)  
which minimizing nanotube damage. The results were then confirmed by Fourier Transform Infrared Spectroscopy 
(FTIR), X-ray Diffraction (XRD), and Scanning Electron Microscopy (SEM). FTIR spectrum shows the existence of 
carboxyl group after treatment with (Acidic oxidation  and oil olive) and indicates the functionalization of MWCNTs 
on the outer surface wall .SEM micrographs show the occurrence of surface modification on the MWCNTs structure 
after each treatment . Finally, a well dispersed of MWCNTs colloidal was successfully obtained with less MWCNTs 
structure collapsed.  
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1- Introduction 
 
Carbon nanotubes (CNTs) were discovered by Iijima in 1991, and then have attracted the fancy of many 
scientists worldwide. Their small size and unusual physical properties make them become a unique 
material with a whole range of promising applications [1]. Carbon nanotubes were found to have great 
potential applications in various fields Such as biosensors and nanobiotechnology and many others 
applications, due to the electrical conductivity and stability toward chemical reaction. 
 
However, the critical difficulty in applying carbon nanotubes for applications is because of the poor 
dispersibility and bundling between carbon nanotubes tubules, as affected by the attractive van der Waals 
interaction among themselves [2]. The improvement of dispersion has become a challenge to maximize 
the properties of CNTs. In order to overcome self-aggregation, chemical modification of Multi-Walled 
Carbon Nanotubes (MWNTs) is recognized as an efficient method for functionalization, promoting 
dispersion and surface activation at the same time or utilization of surfactants is regarded as an effective 
way to improve their wettability and adhesion to host matrix materials[3]. 
 
The surface modification of carbon nanotubes through functionalization process is the way to overcome 
these problems. Carbon nanotubes functionalization with various reagents that possess different degrees 
of oxidation power and sonicated for several minutes is a process where functional groups (OH, C=O, and 
COOH) can be introduced on single and multi-walled carbon nanotubes (SWCNTs/MWCNTs) through 
liquid-phase oxidation procedures as shown in figure 1 [4]. 
 
 
 
 
 
 
 
 
 
 
Fig. 1: chemical modification of carbon nanotubes (MWCNTs) 
 
Many works had study the MWCNTs functionalization, however the result on the MWCNTs structure 
were still required few modification. It is because, severe structure destruction of MWCNTs was occurred 
during the functionalization including the decapping that occurred at the end of the tubes and the cutting 
and breaking of the MWCNTs length [8, 9]. The structure destruction caused the changes of the 
MWCNTs valuable properties which are the main objective that we want to avoid. In this research, we are 
study the dispersion, chemical properties as well as the morphology of functionalized MWCNTs with 
various reagents (concentrated nitric acid and oil olive) methods. We are attempting to functionalize the 
MWCNTs with less structure disruption yet obtaining stable MWCNTs colloidal suspension [2]. FTIR 
spectrophotometer was used to confirm the functional groups which formed after chemical modification 
with (concentrated nitric acid and oil olive) and comparison between these two methods. Crystallographic 
Modification 
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structure of the obtained functionalization MWCNTs (F-MWNTs) will be confirmed by X-ray diffraction 
(XRD) measurements, and scanning electron microscopy (SEM) will be used for characterization the 
morphology of treated MWCNT with different reagents as well as the distribution of nanocrystals on the 
CNTs surfaces [5]. 
 
1- Experimental methods 
 
2.1. Functionalization of MWCNTs 
 
MWCNTs were functionalized with two different agents: 
 
Treatment 1: in this step 0.1g of pristine (raw-MWCNTs) was treated with 100 mL of 65% HNO3 in flask 
of 500ml. The flask was vortex for 10min and ultrasonically vibrated in ultrasonic bath at temperature of 
25°C for 30 min.  After that, the mixture (MWCNTs and 65% HNO3) was diluted with 400 mL of 
deionized water (D.W) and vacuum-filtered through a 0.22 μm polycarbonate membrane, the solvent was 
exchanged with H2O2 (30% v/v) and the procedure was identically repeated. The subsequent treatment 
with H2O2 was given in order to complete the oxidative process started by HNO3, but in a mild manner. 
The solid was washed with deionized water until the pH of the filtrate reached approximately 7.0. The 
solid was then dried under vacuum for 24 h at 25C0 to yield the carboxylic acid-functionalized MWNTs 
(MWNT-COOH) [6]. 
 
Treatment 2: in this step pristine (raw-MWCNTs) were functionalized by treatment with oil olive. Firstly, 
0.1g of as-synthesized (raw-MWCNTs) was treated with 100 mL of oil olive in flask of 500ml. The flask 
was vortex for 10min and   ultrasonically vibrated in water bath ultrasonic at temperature of 25°C for 15 
min. After that, the functionalized MWCNTs was collected via filtered method under vacuum in a 
Buchner filter with a 0.22 micro-aperture membrane and then washed thoroughly 500ml of Chloroform    
( ChCl3 )to remove oil from each sample. The obtained film was easily peeled from the 0.22 membrane 
and dried at ambient temperature under vacuum. 
 
Finally, the presence of functional groups on the carbon nanotubes with both treatments were assessed 
visually by means of the time required to sediment in a polar solvent. For this experiment, 5 mg of CNTs 
were sonicated (ultrasonic bath) in 6ml of ethanol for 5 min. Then, the CNT-ethanol solution was 
removed from the bath and the time required for the CNTs to sediment was monitored. 
 
2.2. Characterization of the Functionalized MWCNTs. 
 
The presence of carboxylic functional groups (O=CíOH and CíOH) on the treated MWCNTs surface 
can be identified by different means. In complementing the dispersion data, the detailed structures and the 
chemical compositions of as synthesized MWCNTs and functionalized MWCNTs were characterized by 
using Fourier Transform Infrared Spectroscopy (FTIR), X-Ray Diffraction (XRD), and Scanning Electron 
Microscopy (SEM) . From the FTIR spectrum, the existence of carboxyl group indicates the oxidation of 
MWCNTs on the outer surface wall and chemical composition and crystallographic structure of 
functionalized MWCNTs   were confirmed by X-ray diffraction (XRD) measurements. While SEM 
micrographs show the occurrence of surface modification on the MWCNTs structure. The method used in 
functionalization MWCNTs has created fragmented structure toward the functionalized MWCNTs [2, 7]. 
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3- Results and discussion 
 
3.1. Electron microscopy 
 
Scanning electron microscopy was used to investigate possible MWCNTs fragmentation occurred during 
treatment and used to detect possible morphological changes on MWCNT specimens depending on the 
severity of each treatment. Fig. 2a shows typical SEM images of the pristine MWCNTs (2a) as well as 
those treated with (65% HNO3, 30%H2O2) as shown in (Fig. 2b). Thus, the treatment of CNTs with strong 
oxidizing agents causes severe etching of the graphitic surface of the material, leading to tubes of shorter 
length with a large population of disordered sites [8]. Treated MWCNTs with oil olive as shown in (Fig. 
2c) it can be seen that there is no MWCNTs structural damaged occurred. It is probably due to the mild 
condition of oil olive solvent as compared to the concentrated acid which caused severe structural damage 
to the nanotubes structure through tubes scission as been reported by Goyanes et al [5,6].Analysis of 
several SEM images of treated MWCNTs allowed reliable length measurements of only a few nanotubes, 
and all of them were between 1 and 3μm, similar to pristine material [4].  
 
 
Fig. 2: SEM images of MWCNTs: (a) raw-MWCNT , (B) acid and (c) oilolive treatments at different magnifications. 
 
3.2. Infrared spectroscopy 
 
FT-IR was conducted on pristine and functionalized MWCNTs with various treatments in the range 500 
to 4000 cm-1 are shown in Fig. 3.  FTIR spectra from the pristine MWCNTs show a broad peak at 3412 
cmí1, which refers to the O-H stretch of the hydroxyl group (Fig.3a), which can be ascribed to the 
oscillation of carboxyl groups. Carboxyl groups on the surfaces of pristine MWCNTs could be due to the 
partial oxidation of the surfaces of MWCNTs during purification by the manufacturer. In Fig. 3.(b) the 
carboxylic stretching frequency in treated MWCNT occurred at 1743 cm_1 indicating that Carboxylic 
groups are formed due to the oxidation of some carbon atoms on the surfaces of the MWNTs by nitric 
acid. The stretching (O=H) vibration occurred at 3431 and 3473   cm_1 in the MWCNT–COOH spectrum 
(Fig. 3b), and can be assigned to the O-H stretch from carboxyl groups (O=CíOH and CíOH), while the 
peak at 2920 cmí1 can be associated to asymmetric and symmetric C–H stretching. The peak at 1639 cmí1 
can be associated with the stretching of the carbon nanotube backbone [9]. The signal at 1163 cmí1 may 
be associated with C–O stretching in the same functionalities while the peak was appeared at 1404 cm-1 
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for acid functionalized MWCNTs which is associated to the O-H bending deformation mode of the 
carboxylic acid group. In fig. 3 c Broad absorption band at 3433 cm-1 is attributed due to the O-H stretch 
of the hydroxyl group which can be ascribed to the oscillation of carboxyl groups (O=CíOH and CíOH). 
Carboxyl groups on the surfaces of pristine- MWCNTs could be due to the partial oxidation of the 
surfaces of MWCNTs during treatment by oil olive and the peak at 2360 cmí1 can be associated with the 
OíH stretch from strongly hydrogen-bonded –COOH .The peak at 1631 cm-1 is due to C=C stretching of 
the CNTs. [10] while the peak at 1377 cm-1 is due to the C–C bond stretch [9]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.3: FTIR spectrum for as-synthesized (a) , functionalized MWCNTs treatment  with HNO3 (b) and oilolive (c) 
 
 
3.3. X-ray diffraction patterns 
 
Figure 4 shows the x-ray diffraction patterns of pristine and treated MWCNTs. As described in the 
previous works [11, 12], the significant diffraction pattern of pristine MWCNTs is appeared at 2ș of 26.1° 
as shown in Fig. (4a). the 2ș peaks is corresponded to (002) reflection planes or also known as 
interlayered spacing between adjacent graphite layers, respectively. The (002) reflection peaks was 
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observed at the same 2 ș values in both as-synthesized and functionalized MWCNTs diffractions. 
Interestingly, in Fig.(4b,c) the intensity of diffraction peak at (002) in  nitric acid and oil olive treatments  
of MWCNTs was increased to (IF-HNO3=284  and  IF-oil olive=252), respectively as compared to the pristine -
MWCNTs (Ir =204) . This is an indication of the loosely of the carbon nanotubes floss after treatment and 
form more ordered CNTs floss in the functionalized MWCNTs. Furthermore, from XRD patterns of the 
functionalized MWCNTs samples, it is shows that the XRD patterns are similar to the as-synthesized 
MWCNTs. From XRD patterns, it can be conclude that functionalized MWCNTs is still had same 
cylinder wall structure and inter planner spacing after the functionalization process. Thus, the structure of 
MWCNTs is protected even after undergone the treatment as confirmed from XRD analysis previously. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4: XRD patterns for pristine (a) , treated MWCNTs with HNO3 (b) and oil olive treatments 
 
3.4. Dispersion Test 
 
The presence of functional groups on treated MWNTs surface can be identified by different means. 
Among them, the time required for the MWNTs to sediment in a polar solvent (ethanol) is a common 
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technique since it is fast, cheap and provides qualitative information. Fig. 5(a,b) shows photographs of 
pristine and treated MWNTs in different reagents in ethanol solutions ( 99% )  72h  after sonication 5min. 
From the observation Fig. 5(a,b) it shows  pristine and functionalized MWCNTs treated with  (nitric acid 
and oil olive), respectively remained as stable suspension in the ethanol for more than 73 hours as 
compared to the as synthesized(raw- MWCNTs), which give unstable suspension after 2 hours. As the 
results shows from the dispersion test of MWCNTs in ethanol solutions, stable colloidal form of 
functionalized MWCNTs dispersion is feasible to obtain due to the presence of functional (COOH, -OH) 
groups on the surface of the carbon nanotubes led to a reduction of van der Waals interactions among 
them which promotes their separation and dispersion in ethanol as compared with as-synthesized 
MWCNTs. On the other hands, the sonication technique applies during the functionalization, as well as in 
the dispersion process also gave energetic effect in getting the MWCNTs bundles to start loose [4,2]. 
 
 
 
Fig. 5: Photographs of pristine (a), treated MWCNTs with HNO3 (b) and oil olive after 72h dispersion in ethanol, respectively 
 
4-Conclusion 
Functionalized MWCNTs were obtained through treating MWCNTs with various reagents (acidic 
oxidation and oil olive methods).  after each treatment Well dispersed MWCNTs were obtained due to the 
generated of the (OH, C=O, and COOH) groups on the surface of the carbon nanotubes by means of FTIR 
and XRD. The presences of functional groups on the outer-wall of MWCNTs were successfully form 
hydrogen bonds with ethanol solutions after sonication 5min. The advantage of sonication method is the 
simple and easy way for the functionalization of MWCNTs in treatment without severe structure 
destruction of MWCNTs. Furthermore, stable colloidal system of functionalized MWCNTs has achieved, 
thus confirmed the effectiveness of this method to disperse MWCNTs. 
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